Samora JB, Frisbee JC, Boegehold MA. Increased myogenic responsiveness of skeletal muscle arterioles with juvenile growth. Am J Physiol Heart Circ Physiol 294: H2344-H2351, 2008. First published March 28, 2008 doi:10.1152/ajpheart.00053.2008.-Previous studies from this laboratory suggest that during juvenile growth, structural changes in the arteriolar network are accompanied by changes in some of the mechanisms responsible for regulation of tissue blood flow. To test the hypothesis that arteriolar myogenic behavior is altered with growth, we studied gracilis muscle arterioles isolated from Sprague-Dawley rats at two ages: 21-28 and 42-49 days. When studied at their respective in vivo pressures, the myogenic index (instantaneous slope of the active pressure-diameter curve) of arterioles from 42-49-day-old rats was more negative than that of arterioles from 21-28-day-old rats, indicating greater myogenic responsiveness. Endothelial denudation, or prostaglandin H 2 (PGH2)/ thromboxane A 2 (TxA2) receptor antagonism without denudation, significantly reduced the myogenic responsiveness of arterioles from the older rats over a wide range of pressures but had no consistent effects on the myogenic responsiveness of arterioles from the younger rats. The heme oxygenase inhibitor chromium (III) mesoporphyrin IX chloride had no effect on the myogenic activity of arterioles from either age group. These findings indicate that microvascular growth in young animals is accompanied by an increase in the myogenic behavior of arterioles, possibly because PGH 2 or TxA2 assumes a role in reinforcing myogenic activity over this period. As a result, the relative contribution of myogenic activity to blood flow regulation in skeletal muscle may increase during rapid juvenile growth. skeletal muscle microcirculation; endothelium; postnatal growth; myogenic response POSTNATAL GROWTH OF THE MICROVASCULATURE in skeletal muscle is characterized by not only changes in vascular morphology and network structure (3, 33, 40, 42, 50) but also changes in pressure, flow, and shear stress (35, 50, 53) and in other factors that influence arteriolar tone or the capacity for acute adjustments in this tone (4 -6, 34, 35, 38). In resting muscle, oxygen delivery and oxygen consumption are tightly linked throughout postnatal growth, with no age-related variations in the steadystate level of tissue oxygenation (41). However, measurements made in contracting muscle indicate that there is a marked change in the dynamic coupling between blood flow and metabolic activity over this rapid growth period (7, 41). Although it is not clear whether this is related to the changing metabolic demands that accompany muscle growth (24, 27, 29) , this change in dynamic coupling would most likely involve a corresponding shift in the gain of local blood flow control mechanisms.
POSTNATAL GROWTH OF THE MICROVASCULATURE in skeletal muscle is characterized by not only changes in vascular morphology and network structure (3, 33, 40, 42, 50) but also changes in pressure, flow, and shear stress (35, 50, 53) and in other factors that influence arteriolar tone or the capacity for acute adjustments in this tone (4 -6, 34, 35, 38) . In resting muscle, oxygen delivery and oxygen consumption are tightly linked throughout postnatal growth, with no age-related variations in the steadystate level of tissue oxygenation (41) . However, measurements made in contracting muscle indicate that there is a marked change in the dynamic coupling between blood flow and metabolic activity over this rapid growth period (7, 41) . Although it is not clear whether this is related to the changing metabolic demands that accompany muscle growth (24, 27, 29) , this change in dynamic coupling would most likely involve a corresponding shift in the gain of local blood flow control mechanisms.
The myogenic activity of resistance vessels contributes importantly to local blood flow regulation (11, 12, 15) . In most vascular beds, this behavior reflects a direct influence of pressure or stretch on smooth muscle contractile activity. Although the signaling pathways involved in myogenic activation are complex and not fully understood, many elements of these pathways have been identified. As reviewed by Davis and Hill (12) , the depolarization of the smooth muscle membrane (due in part to the influx of Na ϩ through stretch-activated cation channels) triggers an influx of extracellular Ca 2ϩ through voltage-gated membrane channels. The rise in cytosolic [Ca 2ϩ ], which may be augmented by Ca 2ϩ released from intracellular stores, increases the activity of myosin light chain kinase to promote actin-myosin interaction. Numerous enzymes and second messenger systems (e.g., protein kinase C, phospholipase C, inositol 1,4,5-trisphosphate, and cytochrome P-450 metabolites) also play important but incompletely understood roles in this pathway (12) .
Although not necessary for the genesis of myogenic activity in most vascular beds, factors released from the vascular endothelium can modulate the magnitude of myogenic responses (23, 26, 30, 36, 37, 46) . We have consistently found that the specific factors mediating endothelium-dependent control of arteriolar tone can change during juvenile growth (4 -6, 38) , but the impact of such changes on arteriolar myogenic behavior has not been investigated. Furthermore, there may also be changes in the intrinsic responsiveness of vascular smooth muscle to stretch during rapid network growth. In a previous study, we found that when pressurized to their respective in vivo pressures, isolated gracilis muscle arterioles from 21-28-day-old rats develop a higher level of spontaneous tone than arterioles from 42-49-day-old rats (4), suggesting that vascular smooth muscle responsiveness to myogenic stimuli could be greater in the younger rats. We undertook the current study to more directly investigate the possibility that alterations in myogenic responsiveness, or in the ability of the endothelium to modulate this responsiveness, may occur during microvascular network growth in skeletal muscle. Rats were anesthetized by intraperitoneal injection of pentobarbital sodium (50 mg/kg body wt), with a supplemental anesthetic (10% of original dose) administered if needed. The right carotid artery was cannulated for measurement of mean arterial pressure, which was assessed immediately before the removal of the gracilis muscle arteriole.
MATERIALS AND METHODS

Animals
Preparation of isolated vessels. An arteriolar branch of the femoral artery supplying the gracilis muscle was removed, handling only the surrounding connective tissue to minimize vessel stretching or damage. The rat was then euthanized by intracardiac injection of pentobarbital sodium. The vessel was placed in warmed physiological salt solution (PSS) equilibrated with 21% O 2-5% CO2-74% N2 and having the following composition: (in mM) 119 NaCl, 4.7 KCl, 1.17 MgSO 4, 1.6 CaCl 2, 1.18 NaH2PO4, 24 NaHCO3, 0.026 EDTA, and 5.5 glucose. After isolation, each vessel was prepared for in vitro video microscopy as previously described (16) . Briefly, the vessel was mounted in a heated (37°C) chamber that allowed its lumen and exterior surface to be perfused and superfused, respectively, with PSS from separate reservoirs. The vessel was cannulated at both ends with glass micropipettes (50-or 70-m-tip diameters for arterioles from the younger or older rats, respectively) and secured to the inflow and outflow pipettes using 9-0 nylon suture. Any side branches were ligated with a single strand teased from 6-0 silk suture. The inflow pipette was connected to a reservoir perfusion system for control of intralumenal pressure and flow. The vessel was then extended to its in situ length and equilibrated at 80% of the animal's mean arterial pressure to approximate its in vivo perfusion pressure (14) .
Experimental protocol. Vessel diameter was measured with a video micrometer. All vessels developed spontaneous tone during equilibration. Any vessel that did not demonstrate endothelial viability, as judged by pronounced dilation in response to 10 Ϫ7 M acetylcholine (ACh, Sigma Chemical, St. Louis, MO), was not used in this study. Changes in vessel diameter following step changes in pressure were measured under no-flow conditions after the vessel had been continuously perfused for 30 min.
To evaluate the myogenic responsiveness of each arteriole, the perfusate outflow line was clamped and the height of the perfusion reservoir was increased or decreased to vary intralumenal pressure between 40 and 140 mmHg. Steady-state vessel diameter was measured before and then 3-5 min after each pressure change. The order in which the different pressure steps were applied was as follows: 80310031203140360340 mmHg. After active arteriolar diameter responses to each pressure change were measured, the superfusate was replaced with Ca 2ϩ -free PSS, and, after full vessel relaxation, passive arteriolar diameter was determined at each of the pressure steps used.
Endothelial denudation. To investigate the role of the vascular endothelium in modulating myogenic activity, diameter responses to each step change in intralumenal pressure were assessed before and then after the removal of the endothelium by mechanical abrasion (47) . To accomplish this, the pipette tip at each end of the vessel was gently advanced and then withdrawn through the vessel lumen three times. We have previously found that this method successfully denudes the endothelium of gracilis muscle arterioles without any functional change in the underlying smooth muscle (4). In the current study, we verified that endothelial function had been selectively abolished by assessing arteriolar responses to the endothelium-dependent dilator ACh (10 Ϫ7 and 10 Ϫ5 M), the endothelium-independent dilator sodium nitroprusside (SNP, 10 Ϫ5 M, Sigma) and the endothelium-independent constrictor phenylephrine (PE, 10 Ϫ5 M, Sigma) before and then after the denudation procedure. Only those vessels showing a loss of responsiveness to ACh with unchanged responses to SNP and PE were included in the final data set.
Inhibitors and agonists. All agents were purchased from Sigma Chemical unless otherwise specified. Because some studies have documented a role for constrictor prostanoids in reinforcing the myogenic activity of skeletal muscle arterioles (21, 22, 48) , the pressure-diameter relationship for some vessels was investigated under control conditions and then in the presence of the prostaglandin H2/thromboxane A2 (PGH2/TxA2) receptor antagonist SQ-29548 (10 Ϫ6 M, 20-min equilibration period). In previous studies on isolated rat skeletal muscle arterioles of the same size as those studied here, 10 Ϫ6 M SQ-29548 was found to completely abolish arteriolar responses to the TxA2/PGH2 receptor agonist U-46619, thereby demonstrating its efficacy (21, 22) .
Since there is some evidence that endogenous carbon monoxide (CO) can also modulate the myogenic activity of gracilis muscle arterioles (52), the pressure-diameter relationships were assessed in other vessels before and then, after a 20-min equilibration period, during the exposure to the competitive heme oxygenase (HO) inhibitor chromium (III) mesoporphyrin IX chloride (CrMP, Frontier Scientific, Logan, UT). Although there are many commercially available metalloporphyrins that inhibit HO, we chose CrMP because it is the most selective inhibitor of HO activity (2) and because it is less sensitive to photodegradation than other metalloporphyrins (49) . For these experiments, a 10 Ϫ2 M stock solution of CrMP in 0.1 N NaOH was diluted in the bath to produce a final concentration of 10 Ϫ5 M (1). Findings from a previous study on isolated rat gracilis muscle arterioles suggest that CrMP at this concentration produces maximal or near-maximal HO inhibition (28) , with this conclusion being further supported by a subsequent study on rat gracilis muscle arterioles in which CO production was measured in the absence or presence of CrMP (52) .
Data and statistical analysis. Vascular tone at each pressure was calculated as follows: Tone ϭ [(Dmax Ϫ Drest)/Dmax] ϫ 100, where Dmax is passive diameter and Drest is resting diameter with tone present. A tone of 100% would represent complete vessel closure, whereas 0% would represent a passive vessel. The myogenic index (MI), an indicator of the slope of the active pressure-diameter relationship for an arteriole at a given pressure, was determined using the following equation: MI ϭ 100 ϫ [(rf Ϫ ri)/ri]/(Pf Ϫ Pi), where rf is the final radius, ri is the initial radius, Pf is the final intralumenal pressure, and Pi is initial intralumenal pressure. The greater the myogenic responsiveness, the more negative the MI.
All variables were verified to have a normal distribution using the Kolmogorov-Smirnov Normality Test, with Lilliefors' correction (P ϭ 0.05). All data are presented as means Ϯ SE. For all analyses, a probability value of P Ͻ 0.05 was considered to be statistically significant. Dilation in response to Ca 2ϩ -free PSS is expressed as the percent increase from the control diameter. Differences between the means of individual experimental groups were determined by ANOVA/Newman-Keuls test or by an unpaired Student's t-test when two means were compared.
RESULTS
General characteristics of all rats from which vessels were removed and studied are reported in Table 1 . Body weight and mean arterial pressure were significantly greater for 42-49-day-old rats than for 21-28-day-old rats. Table 1 also summarizes the general characteristics of all vessels studied, measured at equilibration pressures of 61 Ϯ 1 mmHg for arterioles from 21-28-day-old rats and 77 Ϯ 2 mmHg for arterioles from 42-49-day-old rats (80% of mean arterial pressure, which approximates steady-state in vivo pressures for these vessels).
Resting and passive diameters of arterioles from the older group were significantly greater than those of arterioles from the younger group, but at these equilibration pressures, resting vascular tone was significantly less in arterioles from the older group.
Arterioles from both age groups exhibited clear myogenic activity, as judged by the maintenance of a constant diameter at pressures above 80 mmHg in arterioles from 21-28-day-old rats and active constriction following pressure increases above 80 mmHg in arterioles from 42-49-day-old rats ( Fig. 1) . At pressures between 40 and 80 mmHg, the steady-state (resting) tone of arterioles from the older rats was significantly less than that of arterioles from the younger rats (Fig. 2) . In contrast, calculated myogenic indexes were similar in the two age groups over this pressure range and significantly more negative for the older rats at pressures of 100 and 120 mmHg, indicating greater myogenic responsiveness (Fig. 3A) . When intralumenal pressures were normalized to each age group's estimated in vivo arteriolar pressure, these differences in myogenic responsiveness between the two age groups were even more profound, especially at pressures closest to their respective in vivo values (Fig. 3B) .
In arterioles from both age groups, mechanical abrasion to disrupt endothelial function completely abolished arteriolar dilator responses to ACh but had no significant effect on arteriolar dilation to SNP or constriction to PE ( Table 2 ). As shown in Fig. 4 , endothelial disruption had a significant effect on the steady-state diameter of arterioles from 21-28-day-old rats only at 140 mmHg (a modest increase) and had no consistent effect on the myogenic indexes of these vessels (Fig.  4, left) . In contrast, endothelial disruption significantly reduced the steady-state diameter of arterioles from 42-49-day-old rats at pressures of 60 and 80 mmHg, whereas the myogenic indexes of these vessels were shifted to less negative values (indicating reduced myogenic responsiveness) at 80, 100, and 120 mmHg (Fig. 4, right) .
The PGH 2 /TxA 2 receptor antagonist SQ-29548 tended to increase the steady-state diameter of arterioles from the younger rats (a significant effect at 40, 60, and 140 mmHg), but it had no significant effect on the myogenic index for these vessels at any pressure (Fig. 5, left) . In contrast, SQ-29548 did not change the steady-state diameter of arterioles from the older rats at any pressure, but it did have an effect on the myogenic index of these vessels that was similar to that of endothelial removal, i.e., a shift to less negative values at pressures of 80, 100, and 120 mmHg (Fig. 5, right) .
The HO inhibitor CrMP had no effect on either steady-state diameters or the myogenic indexes of arterioles from either age group at any pressure (Fig. 6) . Values are means Ϯ SE; N ϭ number of animals, and n ϭ number of vessels. MAP, mean arterial pressure. Estimated in vivo pressure for arterioles from 21-28-day-old rats is 61 Ϯ 1 mmHg and for arterioles from 42-49-dayold rats is 77 Ϯ 2 mmHg. *P Ͻ 0.05 vs. arterioles from younger group.
DISCUSSION
Smooth muscle myogenic activity assists in the establishment of resting microvascular tone and in the autoregulation of tissue blood flow and capillary hydrostatic pressure (12) . During rapid postnatal growth, autoregulatory adjustments in arteriolar diameter play a crucial role in maintaining sufficient blood flow to growing tissues, but the contribution of myogenic activity to these adjustments may change over time. Evidence of such temporal changes in myogenic behavior comes mostly from studies on vessels upstream from the arterioles. For example, the myogenic responsiveness of mesenteric arteries from 10-day-old piglets is significantly less than that of arteries from 1-day-old piglets (44) , and middle cerebral arteries from 6-mo-old rats exhibit weaker myogenic responses than those from 14-day-old rats (9) . In contrast, there is no difference between neonatal mice (4 -8 days old) and adult mice (42-56 days old) in the intrinsic responsiveness of middle cerebral artery smooth muscle to myogenic stimuli, although the adult arteries develop less tone over a wide pressure range due to greater opposition of myogenic behavior by endothelium-derived vasodilators (17) .
In a previous study, we found that when equilibrated at their respective estimated in vivo pressures, gracilis muscle arterioles from 21-28-day-old rats develop a higher level of resting tone than those from 42-49-day-old rats (4). Because a large fraction of resting arteriolar tone is attributable to myogenic activity (12), we undertook the current study to specifically test the hypothesis that responsiveness of skeletal muscle arterioles to myogenic stimuli is greater in the younger rats. In addition, because factors released from the endothelium can modulate smooth muscle responses to myogenic stimuli (13, 15, 17, 20, 30, 46) and growth-related changes in arteriolar endothelial function have been widely reported (4, 35, 38, 51), we also investigated the effect of endothelial denudation on pressurediameter relationships in arterioles from both age groups.
In the current study, we found that resting vascular tone is greater in arterioles from the younger rats than in those from the older rats at lumenal pressures of 40, 60, and 80 mmHg (Fig. 2) , whereas there were no age-related differences in myogenic index over this same absolute pressure range (Fig.  3A) . However, when the values for myogenic index are normalized to each arteriole's estimated in vivo pressure, a direct comparison of the corresponding values for each age group reveals that the myogenic gain for older vessels is much greater than that for younger vessels over the range extending from ϳ90% to 130% of their in vivo pressures (Fig. 3B) . Therefore, arterioles in the two age groups may have quite different capacities for myogenic behavior when in their normal in vivo environments. This raises the possibility that the contribution of myogenic activity to blood flow regulation in skeletal muscle becomes progressively greater during juvenile growth. However, it is important to recognize that the vessels studied here were not perfused during pressure changes and therefore not exposed to lumenal shear stress as they would be in vivo. As mentioned earlier, shear stress can induce the release of endothelial factors that modify myogenic responses (26, 30, 46) , so that the age-related differences in myogenic behavior that we report here could be either minimized or enhanced in vivo.
In the evaluation of these data, it is also important to keep in mind that arterial pressure was measured in each animal while under pentobarbital sodium anesthesia. In adult rats, anesthetization with pentobarbital sodium at the dose used here typically reduces arterial pressure by 15-20% (8, 32) . Consequently, our estimated in vivo arteriolar pressures (80% of mean arterial pressure) are to some extent underestimated. Our comparison of myogenic indexes after normalization of intralumenal pressures to "in vivo" pressure (Fig. 3B) will remain valid if the anesthesia reduced arterial pressure by the same proportion in both age groups. However, if this is not the case, then the differences we found could be either underestimated or overestimated, depending on which age group is more Fig. 3 . Calculated myogenic indexes of arterioles from each age group as a function of absolute intralumenal pressure (A) and intralumenal pressure normalized to estimated in vivo pressure (0.8 ϫ mean arterial pressure) (B) (n ϭ number of vessels). *P Ͻ 0.05 vs. arterioles from 21-28-day-old animals.
Table 2. Effect of lumenal abrasion on arteriolar responses to endothelium-dependent and -independent agonists
21-28-day-old Rats (n ϭ 14)
42-49-day-old Rats (n ϭ 12)
Values are means Ϯ SE; n ϭ number of vessels. Arteriolar diameter changes are expressed as percent change from control. ACh, acetylcholine; SNP, sodium nitroprusside; PE, phenylephrine. *P Ͻ 0.05 vs. response of intact vessel.
susceptible to the pressure-lowering effect of pentobarbital sodium.
The fact that arterioles from younger rats developed greater steady-state tone than those from older rats (at 40 -80 mmHg) without having a higher myogenic gain indicates that there must be an age-related difference in the influence of some other factor on resting arteriolar tone. Nonmyogenic factors that can also be important determinants of resting tone include the level of ambient oxygen, which promotes vascular smooth muscle contraction (16, 19, 25) , and basally released endothelial relaxing factors, which promote vascular smooth muscle relaxation (13, 22, 34, 35, 38) . The higher tone of arterioles from the younger rats may reflect a greater responsiveness to oxygen in the vessel bath, but further studies are needed to critically test this hypothesis. In contrast, the current study provides some evidence that the higher tone of arterioles from the younger rats Fig. 4 . Effect of endothelial removal on steady-state diameters and myogenic indexes over entire pressure range for arterioles from each age group (n ϭ number of vessels). *P Ͻ 0.05 vs. intact vessel. Fig. 5 . Effect of SQ-29548 treatment on steady-state diameters and myogenic indexes over entire pressure range for arterioles from each age group (n ϭ number of vessels). *P Ͻ 0.05 vs. control.
may be due at least in part to a lesser influence of the endothelial relaxing factors that normally limit myogenic constriction. As shown in Fig. 4 , top, endothelial removal increased the resting tone of arterioles from 42-49-day-old rats but had no effect on arterioles from 21-28-day-old rats, which is consistent with an absence of basally released relaxing factors in these younger vessels.
The denudation-induced constriction of arterioles from the older rats at pressures of 60 and 80 mmHg is probably not due to increased myogenic activity because endothelial denudation reduces the myogenic gain of these arterioles at pressures from 80 -120 mmHg (Fig. 4, bottom, right) . This contrasts with an earlier report that endothelial removal has no effect on the myogenic index of gracilis muscle arterioles isolated from 42-49-dayold Wistar rats (45) . Also in that study, the myogenic index of endothelium-intact arterioles was found to be constant between pressures of 60 and 120 mmHg, whereas we found that the myogenic index of arterioles from Sprague-Dawley rats of the same age becomes progressively more negative as pressure is increased from 40 -100 mmHg (Fig. 3A) . These differences suggest that there may be strain-related differences in the relative influence of myogenic activity versus that of other factors on steady-state arteriolar tone.
Our denudation procedure did not change responses to the endothelium-independent agonists SNP and PE in arterioles from either age group ( Table 2 ), suggesting that smooth muscle function was generally not altered by this procedure. Furthermore, since PE elicits arteriolar constriction through a signaling pathway that has many elements in common with that for myogenic activation (12) , it seems reasonable to conclude that this procedure did not more specifically alter smooth muscle responsiveness to myogenic stimuli. We cannot exclude the possibility that our abrasion procedure may have selectively disrupted some cellular or biochemical process that is more specific to the myogenic signaling pathway, but this seems unlikely because in that instance we would expect to see blunted myogenic responses in arterioles from the younger rats as well, which did not occur (Fig. 4) .
The reduction in myogenic gain after endothelial removal in arterioles from 42-49-day-old rats suggests that an endothelium-derived constrictor normally augments myogenic activity over a wide pressure range in these vessels. TxA 2 , a metabolite of PGH 2 , can be formed in the endothelium and is one of the most potent endogenous vasoconstrictors known (18) . Treatment of endothelium-intact arterioles from this older group with the PGH 2 /TxA 2 receptor antagonist SQ-29548 reduced their myogenic indexes by approximately the same amount, and over the same pressure range, as that seen with endothelial removal (Fig. 5, bottom, left) . This is consistent with PGH 2 or TxA 2 being the endothelial factor that reinforces myogenic activity in these vessels. However, we cannot rule out the alternate possibility that this PGH 2 /TxA 2 is released from the smooth muscle, another well-documented source of these prostanoids (10, 39) , with a different endothelial factor also acting to reinforce myogenic activity. Other investigators have found an enhancement of myogenic behavior by endothelium-derived constrictors, but this is more typically found in hypertensive rats (21, 48) . For example, Ungvari and Koller (48) have reported that the combined actions of endothelium-derived endothelin and PGH 2 /TxA 2 enhance the myogenic reactivity of gracilis muscle arterioles isolated from spontaneously hypertensive rats.
In contrast to our findings in arterioles from the older rats, endothelial removal had no significant effect on the steadystate diameter of arterioles from the younger rats, except for a modest increase at 140 mmHg, which is clearly above the normal pressure range for these animals (Fig. 4, top, left) . Endothelial removal also had no consistent effect on the myogenic index of these vessels (Fig. 4, bottom, left) . These findings, when viewed in the context of our findings in the Fig. 6 . Steady-state diameters and myogenic indexes over entire pressure range for arterioles from each age group before and then after treatment with the heme oxygenase inhibitor chromium (III) mesoporphyrin IX chloride (CrMP) (n ϭ number of vessels). older arterioles, suggest that an influence of the endothelium on resting smooth muscle tone arises in these skeletal muscle arterioles sometime between 28 and 42 days of age. PGH 2 /TxA 2 receptor antagonism tended to increase the steady-state diameter of arterioles from the younger rats (Fig.  5, top, left) , suggesting that basally released PGH 2 or TxA 2 can contribute to the resting tone of these vessels. The ability of this basally released PGH 2 /TxA 2 to enhance arteriolar tone is apparently not related to any change in myogenic activity, since SQ-29548 has no effect on the myogenic index of these vessels at any pressure (Fig. 5, bottom, left) .
Because we recently identified a role for endogenous CO in mediating endothelium-dependent dilations of arterioles from both 21-28 and 42-49-day-old rats, with exogenous CO at higher concentrations causing endothelium-independent constriction (5), we reasoned that CO could also be modulating the myogenic reactivity of arterioles from rats of either age in the current study. Based on their use of CrMP, Zhang et al. (52) concluded that endogenous CO does modulate the myogenic constriction of isolated gracilis muscle arterioles. However, in the present study, treatment with CrMP had no significant effect on myogenic responses in either age group (Fig. 6 ). It may be germane to point out that judging from their body weights (250 -300 g), the rats used in the study by Zhang et al. were probably between 55 and 65 days old, which is older than the rats we studied. This raises the possibility that a modulating role for CO in these responses may not arise until after adolescence.
The pressurization sequence that we used to investigate myogenic behavior involved an assessment of arteriolar responses to 60 and 40 mmHg after the vessel had been pressurized to 140 mmHg. To verify that the vessels weren't damaged by this high pressure, we often paused during the experiment to evaluate arteriolar responses to ACh and PE after the pressure had been reduced from 140 to 60 mmHg. In these instances, we found little or no differences between the post-140 responses and those we measured just before starting the experiment, suggesting that no endothelial or smooth muscle damage had occurred. The data in Fig. 1 also indicate that the ability of the vascular smooth muscle to respond to myogenic stimuli is not compromised by exposure to the high pressure. At 140 mmHg, vessels from 21-28-day-old rats maintained the same steady-state diameters that they had at 80, 100, or 120 mmHg, and the diameters of vessels from 42-49-day-old rats were consistent with the trend we saw at pressures above 80 mmHg, i.e., a progressive decrease in diameter with increasing pressure.
In conclusion, the findings of this study suggest that rapid postnatal growth is accompanied by an increase in the myogenic responsiveness of skeletal muscle arterioles, possibly because PGH 2 or TxA 2 assumes a role in reinforcing myogenic activity over this period. However, other mechanisms may also contribute to this phenomenon. For example, there is growing evidence that in addition to a voltage-gated influx of Ca 2ϩ (and possibly Ca 2ϩ release from intracellular stores), myogenic activation of smooth muscle also depends on an increase in myofilament Ca 2ϩ sensitivity (31, 43) . As recently documented in rat cerebral arteries (9), the age-related change in myogenic behavior that we observed may also involve a change in the magnitude of stretch-induced Ca 2ϩ mobilization and/or myofilament Ca ϩ sensitivity. Further studies will be required to test this hypothesis.
